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(57)Abstract: 

PURPOSE: To produce an elinvar alloy for an excellent elastic 
working body extremely low in the temp, dependency of the 
Young's modulus below the glass temp. 
CONSTITUTION: This alloy is shown by Cu100-a-b- 
cMaXbQc, where M is one or >2 kinds of elements among Zr, 
Re and Ti, X is one or >2 kinds of elements among Al, Mg and 
Ni, Q is one or ^2 kinds of elements among Fe, Co, V, Nb, Ta, 
Cr, Mo, W, Mn, Au, Ag, Re, platinum-group elements, Zn, Cd, 
Ga, In, Ge, Sn, Sb, Si and B, and the composition rations (a), 
(b) and (c)m by atomic %, are limited to conform to 5<a<65, 5< 
b<40, 0<c<1 0 and 1 0<(a+b+c)<70. Otherwise, Al is extruded 
from the element X, the alloy contains >50vol.% amorphous 
material, and the temp, coefficient of the Young's modulus is 
controlled to <(-1 0 to +1 0) 1 0-5. 
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m>&% i ] — fiassc uioo-«-»-eM. Xb 

Q c (M«Zr, RE. T i % 1 a*^{i2Sfe(± 
©7C5&. XttAl, Ng. Ni©*t l«£fc«2S« 
±<D7iM. QttFe, Co, V, Nb, Ta. Cr. M 
o. W. Mn, Au, Ag, Re, fi^6$OT*, Zn, 
Cd, Ga, In, Ge, Sn. Sb, Si. B©5*i 
lig*/c«2eJiU:©7n^'C&9. *;fc^©*&££ba , 
b. ctt. )SW5^a^65, 5^b^40. 0£ 
c^lOT. I-5lOSa + b + cS70t*4)©ffl 10 
fiU^«©*^£*>6& t 5. f*S*-C 5 0%«-h©# 

(-10-+10) X10- 6 «rtK*iCi*Wfti 

M, Xb Qg KteOT. XteS?*>6 
Al*^C^fcififi5ti^*©WB)t*^% , 3. {«**. 
5 0%«±©#SR*^*. i*>^©SK{fc&* s #^ 
*<kafltttTtr (- 1 0~+ 1 0 ) x 1 0 - 6 KrtK* 

[8f*^3 ] -HSCu, o c - . - b - = Ma X„ 
Q c (MiiZr. RE. T \<D*)% \ fctt 2 Sti-t 
©7cS6. XBA ! , Mg. Ni©5*ilS*fc»2i« 
±©tc3R. QttFe. Co. V. Nb. Ta. Cr, M 

o. W. Mn. Au. Ag. Re. Zn. 
Cd, Ga, In. Ge. Sn. Sb. Si. B©5*> 

l«£fcte2a«±©7cm-e* , 3> *fc*©««ifca. 

b. ctt. M^%-C5^a^30> 5£b*40. 0^ 

clOT, !-5l0^a+b + c^70t*5)©aS 3C 

(- l 0~+ 1 0) x l 0- 6 HrtK*4Cit«li 

T55«4fi*M*flJc u a#fitttt3!«# ^ * 

[ft^4] —flSsSCu, 0 o - a - b - . M. Xb 
Q. (MttZr, RE, T i ©5 % 1 «*fctt2MBU: 
©7C3&. XttAl. Mg, N i ©5*> l«$fc«:2afej 
±©7C5R. QttFe. Co, V, Nb. Ta, Cr, M 
o. W, Mn, Au, Ag. Re. Q^Stt^. Zn. 
Cd. Ga. In, Ge, Sn, Sb, Si, B©5*> 4 
l8fctt2«fc*±©7C3B-C£>') > S/c-e©ilfiXtba, 
b. ctt. KWC5£a£6 5. 5^b^40, 0^ 
c S10t, £-ol 0^a + b+ c^7 ©ffi 

e c ©aue-cafc* scticto, #»^-c 5 0 %&± 

T"C (- 1 0~+ 1 0) x l 0" 5 afiK*4Ci*1* 

•£-j-*wttft*MMi c u 1*0^1*5^^0* 
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, 0 0 - . - b - = M. Xb Qc CCfe^T. Xt£^6 

i~io e •c/sec©aircfftnciKj:f) 1 f* 
##9*.fc«flEfiiTe (-io~+io)xio-'t( 

[BW9I6] -«SCu, 00-a-b-eM. Xb 
Q c (MttZr. RE. Ti0^18*fe«21t(± 
©7S3&, XttAl. Mg. NiO«li*fcB2«K 
±©5SSI. QBFe, Co. V. Nb. Ta. Cr. M 

0. W. Mn. Au, Ag. Re. Zn. 
Cd. Ga. In, Ga. In. Ge. Sn. Sb. S 

1. B©^li*fcB2i«±©S^*D. 
©SUStba. b. ctt. IWC5^a^3 0, 5£b 
^40. O^c^lOt, l-pl0^a + b+cl70 

~10 9 t/sec©aitt!»»«b4«:J:0. #« 

sre 5 0 9<eu:o*JBHt***. ^©fiSGfc&a* 
#9*ft«fltWTt« (- 1 o~+ 1 0 ) x 1 0- 6 m 

tcfesci^sfci-r s5»ttfptt(*ffl c u mmm^.m 

^5X^©SSjtffio 

[§«5j?^7] — JK^CU, 0 0 - a - b - . M. Xb 

Q c (MttZr. RE. Ti©HllSfcB2itti: 
©7ESI. XttAl. Mg. N i ©5% l«£fctt2fft* 
_h©79B. QttFe. Co. V. Nb. Ta. Cr. M 
o, W. Mn, Au, Ag. Re, &&tfcnM, Zn, 
Cd, Ga. I n. Ge. Sn. Sb, Si. B©5*> 

i**fctt2«eu:©3airc*t>. 

b. ctt. M^%-C5^a^65. 5£b3=40. 0£ 
c^lO-C. ni0^a + b+c^70T*5)©l 
jfci^©:W»4*6tt**flBt£ft* 1 ~ 1 0 8 'C/ 
s e c©aurC3ftH. bfc«. 5 0 0 -C«T©ff«©«K 
■WWft *tf 5 C t K «fc 0 . (*»*-C 5 0 %«±©#&St 
+>y^©?aS^*^vX{bSS«T-C (- 

i o~+ io) x i o- 5 uftt,ctj;2,c£*m!if?z> 
mum 8 ] nwd i ©— *>wc u 

, o o - . - b - . Ma Xb Q. tcisl>X. X7c3t*><5> 

1 ~ 1 0 9 "C/ s e c ©*rcft«, l/fc«. 5 0 0 'CW 
T©ffi*©a*"C*««f ^ C i K«t «3 . ft«*-C 5 0 
^JWJi©*^!?^*^ +>y*©iftS^* 1 *5^^b 
SSWT-C (- 1 0~+ 1 0) x 1 0 - 6 WXCteZZ 

^©iSitS. 

CW3j?«9] -flSSiCU, o o - a - b - = Ma Xb 

Q c (MttZr. RE. Ti©5*li*fc»2«EU: 
©TcfB. XttAl. Mg. Ni©HlS*Wi2«« 
iO ±©7C&> QttFe. Co. V. Nb. Ta. Cr. M 
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o. W. Mn. Au, Ag, Re. Zn. 
Cd. Ga. In, Ge. Sn, Sb. Si. B©5% 

b. cB. SW5Sa^30. 5^b^40. 0^ 
cSlOt. l-3l0^a + b + cS70-C*S)©l 

j&^ao^'aia^&s^n^* 1 ~ i o 6 *c/ 

3ee©atfltCft»0fc«. 5 0 0'C«T©ffiE©SK 
"CfcttttT 9 C 4 tc <fc ^ . (WW"? 5 0 XfiLh©*fl« 

1 0-+ 1 0) x 1 0- 8 «*5Ci?:WiTI. : 

[fft*]B 1 0 ] — J&jSC u i o o - . - b - = M. X 
„ Q e (MBZr. RE. T i ©5*> 1 «*fct*2«8l 
±©tc5B. XWA 1 , Ms. N i(0Hl«SWi2i 
fet±©7cSR. Q«Fe, Co. V, Nb, Ta, Cr. 
Mo. W. Mn, Au, Ag, Re. Z 
n. Cd. Ga. In. Ge. Sn, Sb. Si. BCD 

•5 % i as fc« 2 ««±©tbr-c&*) . * tc^ommt 

a. b. cWW5<a^65, 5<b^40, 0 
Sc^lOT, lolOia+b + oS7 0-C&£) © 

[unpi i 1 1 si* 5 ?? i ©-aa^c u 

, „ o - « - b - «. M. Xi, Qc K4Hr»T. Xtc**>6 
A 1 ^^fcfflljXi^SW^^i^ea^CuS^ 

1 2 ] — IKSSC u , o o - . - b - = M. X 
„ Q„ (MBZr, RE, T i ©5% l«*fcB2«« 
±©SS, XBA 1 . Mg, Ni©^^li^«*21 
«±©7cJR. QBFe, Co. V. Nb, Ta, Cr, 
Mo, W, Mn, Au. Ag, Re, 6^7n*. Z 
n. Cd, Ga, In. Ge, Sn. Sb. Si. B© 
>>*> l«$fc«2«feU:©7c3iU?£> , 3. *7t-e©*U£Jt 
a. b. cB, JlWC5^a^30, 5^b^40, 
O^clO, lol 0^a + b + c<70t?*5) ©ffl 
)&£ ^fi©^^ *> fcfc £ C u g#8Btt&JB#-5*£ 

[»#3B 1 3 ] -ffisSC uioc-.-b-cM. X 
» Q. (MBZr, RE. T i ©5 % 1 «*fct*2«« 
±©7cffl. XBAl. Mg. Ni©^%lSSfc«2S 
fci±©7cig> QBFe, Co, V. Nb, Ta, Cr. 
Mo. W, Mn. Au, Ag. Re. &&&7tM. Z 
n. Cd. Ga. I n. Ge. Sn. Sb. Si. B© 
9 * 1 «* fctt 2 ««±©5E3R-C£> 0 . £fc-£©*&J£Jt 
a, b. cB. JS^%r5^a^65. 5b^40, 0 
SeSlOT, I-3l0^a+b + c^70"CW)© 

[«3jt* 1 4 ] 1 ©-^C u 
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, o o - . - b - c M. Xb Qe Kte^T. X5c3W»6 
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fclh©7E*. QBFe, Co, V. Nb. Ta, Cr. 
Mo. W. Mn. Au, Ag. Re, &&MtcM. Z 
0 n. Cd. Ga, In, Ge, Sn, Sb. Si. B© 
5 % 1 mt fcB 2 «Si±<WcSR-C* 0 . $ fc*©fflJ$tt 
a. b. cB, «WC5£a£30. 5^bg40. 
Ogc^lOT, iTl0^a + b+c^70r»S) 
©iSfiS<t tfrhteZCu m¥W£&M*i ; j 

i 6 ] — w&c u , o o - . - b - . m. x 

„ Q 0 (MBZr, RE, T i ©5*> l«£fcB2«« 
±©5ciB, XBAl. Mg. Ni©Hll*fc»2i 
«±©7t3?5. QBFe, Co, V. Nb. Ta, Cr, 
20 Mo, W, Mn, Au, Ag, Re, &&lfcrtM, Z 
n. Cd, Ga, In, Ge, Sn. Sb. Si. B© 
*>% l«£fcB2ffi«±©7H&-e* t K ZtcZ<D®im. 
a. b. cB, M^%-C5£a£65. 5^b^40. 
Oic^lO-C, iol0^a + b + c^70-CM) 
©iSfiSE<kiI>S©^*6 ! ^i* :> e»a-SCua^a8H4^)l^^ 

[M*a 1 7 ] it* 3 ! i ©-$5£c u 

M. X. Q. Scte^T. X7E**»6 

a i *m*idm<t &zcu m$tm 

[8*3fcS 1 8 ] — fK5£C u , o o - . - b - = M. X 
„ Q, (MBZr. RE. T i ©5 % l«£fc»2«« 
±©tc*, XBAl. Mg. N i©5fcl«*fctt2« 
J&lk©*SR. QBFe. Co. V. Nb. Ta. Cr, 
Mo, W, Mn, Au. Ag. Re. &&WoxM. Z 
n. Cd. Ga, In, Ge. Sn. Sb, Si. B© 
S 1 «* fc« 2 «tLh©7HS-C* *) . *fc*©»iMfc 
a. b. cB. IW5^a^3 0, 5^b^40. 
OicSlO, lol 0ia+b + cS70t*5) © 
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, „ „ - . - . - . M. X- Q. (MBZr (J^n- 
■i7 A) , RE (#±^7clg) . T i (**» ©5* 1 
a*fc«2«SLh©jE*. XBA 1 (TJUS-^A) . 
Mg (v^VfA) , Ni <i»*-*> 
fc«2«6Ui©jcJR. QBFe (ft) . Co (3><* 
50 h) . V (M^i?-?A) . Nb (i*^) . Ta (5»> 
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2;V) . C r ( JOA) . Mo • W (* 

. Mn (-7>#) ) . Au (£) . Ag 

(SB) . Re (U^A) , a^^TC*. Zn (ffi 
») . Cd <*F5$A> . Ga (#'Jf A> . In 

(^>y^A) , Ge . Sn (Si) . 

sb (r>^*» . s i mm) , b (««) ©5*> 

l«*fc«2WELh©7cSltr*»). */c-e©m^tta, 
b. ctt, IWC5^a«5. PibS40. 0^ 
c ^ 1 0-C. £ol O^a + b + c^ 70t?*5) ©ffl 

e -C/secOlKt^TSCtKi*). ftW?5 

{kSaWT-C (- 1 0~+ 1 0 ) x l 0' 5 «F*JK£>& 

c £ 4#«[ttsc u mmm*** 

[0 00 2] 

lij>;<-^ilttt, #gaHS50-1 2 7 8 1 4* 
SWJSoviet Physics-Doklad 20 
y, Vol. 9 (1964). P 1 0 1 9 &<ir«C!B*83 
nfcC r l*5l->ttF e -Mnl^&i'»6ntl,> 
SKjlffttl.*. -ttlfctt, ^-Tiife (-10- — 5) X 

i o - 8 msLomm^m^oxis*) , ?gs?*&i«i©£ 

[0003] 

[#69!#«¥i*l,J:5£-fSW«] Ch6®*»ti')> 
-3< AE«*fc«BBl/T»tt*»IIS-lrtl»**»«yC* 

w©»tt*wsfc«t>fc. sMKttttftW 

Sg*i3fetotxlSffl±©S'J» £ ft -» X l. 
[0004] 

[»S4JSSifcf *&«>©*&] *Ct^t6tt ± 40 
*»6*fcL-C. ^fc 5 0K©#»K*« 

* . ioo -cw±© mttmmt®&* w-r s^iwc 
js^cc 3f/7XftaiswT©E^iss^^. wsf» 

{*£ LTsiMKS (-10-+10) x.l 0 - 6 £lrt<D+ 

^*^L'/cfc©r*S. 
[0005] — fl^C u i c o - . - b - = 

M. X„ Q. (MttZr. RE. TiO«l«fcB 50 



2««±©7G*. XttAl. Mg. Ni©Hl«fc 
tt2«W±©7£«. Q«- Fe - Co - V> Nb ' T 
a. Cr. Mo. W. Mn, Au. As. Re. 
tc^. Zn. Cd. Ga. In. Ge. Sn. Sb. S 
i. B©^%l«*fc«2SW±©7i:*t?*«3. 
©WOK a. b. c«Jl^%-e5^a^6 5. 5 i b £ 
40. OScSlOt, fiol 0^a + b + ci70t 
*>£) ©fflJS;, *fcttX7E**»6A 1 «fcOfc»*. S 
6KBHWCu, oo-a-b-cM.XsQo icte 
^X®mt&. b. c*iIWC5^a^3 0. 5£b 
^40, OScSlOT. I"Dl0Sa+b + cS70 
©jS^^t*^©**^^^*^^* 1 ~ 1 

o'-c/sec ©aarowM-* c i «. «fc o > 

5 0HfiLhO*«lt«*. 1 0 0*CfiU:©a»*P«# 
( _ ! 0 ~+ 1 0) x 1 0- 5 £WK*4Ci*«li 
££gg£-T£. 

[0006] *#M8©»ttffi»#fflC uS^i«, ±82 

4>tt*&& ^)WW*KfflC» 1 ~ 1 0 8 °C/ s e c 
gft. S* IX « 1 - 1 0 * -C/s e c©^*PiIS-C^ 

< t fett«*-e 50%. s$i<tt8o %&.±o>^mw 

[0007] JJB**KJ: 0iWm*«l«KB. 
WUiBl (a) {c^-r*t3-;Uffit?iftK-r4£. 51? 
$iyX;l^2©?L3£iil/t:. Ji)200-8000rp 

m©)IS-ClHlRL/"C''^iH** l ' >li ^® c, ~ ;,/ 1 K * 
fflig*P5-C^«?L/c?g»4*i«tHS-ti-2). Cft&C<fc9. 
(fO. 5~5 0 0mm. fSl 0-5 0 0nm©fl®W 
&6*f#£C£2> s f SSo *?t. HI <b> KW*** 

Ah8re*9iT s £ . eissst > 8 tcmmt. 1dS* 
*r>^;wc£*«*tt£©^**P*7Kf9:i;e. cncc 

JcDiL&l ~2 Omm. S3 2 0 0 mm<D$?#*ff4 1 0 

*ff2,C£*i-C*-5. r>7';w©^*>st' :, «*Tffi{*BW 
[ 0 0 0 8 ] ±E3?«K«fc6-r. *ffi«Stt-C^ 

6C£*5-ciri><, m?&CuS^-^©#SStt9S»»_X« 
EI8Tfla«:teW-S^n-^*->©iSU. «>4i,>»^A 
«ft«H-K te^ -c«fi JMtaUEt *r3tt»«c«« tr - * © 
*Bfc£KJ:*>aJES*i*. tt*J. WW© 1-8 0' fttf 

[0009] *mio>¥f®£? ^>b»t«- ^x©ao -c* 
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[I&1389!] -«SCU, oo-.-b-eM.XuQ 

(M«Zr. RE. Ti©9*l«*fc»2«5U:© 
5t*. XBA1, Ms. Nionii*fcB2«H± 
©7C*. QBFe. Co. V. Nb. Ta._Cr. M 
o. W. Mn. Au. Agr. Re. Zn, 
Cd, Ga. In. Ge. Sn. Sb, Si. B<D5*> 

b. ctt. I^5^a^6 5, 5^b^40, 0< 
c^lO'C > I-5l0^a + b+c^70-C*5)®a 10 

(-10-+10) X 10" e C£**r*£ 

[0010] IW2 Mi] 1 ©HK5SC u 

, o o - . - b - . M. X„ Q« (C*»,>rX7i**»6A 

o%jsU:©#ss*^*> -^^©sa^K* 1 *^* 
ibSg«T-c (-1 o~+ i o) x i o- s fitrttc** 

[ooi i ] mamvrt -i»scu 

, o o - . - b - . M. X„ Qc_ (MBZr. RE. T 
i©5^ l«£fcB2««±©7c3t XBA1. Mg, 
N i ©5% 1S*^«2«W±©7C*> QBFe, C 
o. V. Nb. Ta. Cr. Mo. W. Mn. Au. A 
g, Re. Zn. Cd. Ga. In. G 

e. Sn. Sb. Si. B©5 % 1 «*fctt2»£U:© 
7HSS-C*<3> *fc*©Hfifctt:a. b. cli> MWC5 
iaS30, 5^b^40. 0£c£10T. B.O10 
ga + b + cS7 0-C&-S) ©iS^i^S©^^* 1 30 

fc8»*-C5 09ofeLk©S*SK4^#. 
©fiffi««^^5^{biafiWT'C ( - 1 0~+ 1 0) x 
1 0- 6 «l*i«:*5Ci*W«i'r4»ttflFlM*fflCu 

[00 12] [JH4IMH] -*«Cu 
i o o - . - b - o M. Xb Q» (MBZr, RE. T 
i©3*> ia$fc»2««±©7cS. XBA1, Mg. 
N i ©5fe lfflSfcli2«fei±©7C^. QBFe, C 
o. V. Nb. Ta. Cr. Mo. W. Mn. Au. A 
g. Re. £&ffiim, Zn. Cd. Ga. I n. G 40 
e. Sn. Sb. Si. B©"5 % 1 S*fct3:2««±© 
7aR"C*»>. *fc-e©iffl^tba. b. cit, M^%-C5 
^a^65, 5^b^4 0. O^c^lOr. So 1 0 
£a + b + c^7 0-C*-5) ©>!§)£ <t^S©W&5£#> 
6^-5^14^* 1 ~ 1 0 6 'C/ s e c ©jSE"C&ftT 

>i/^cDSa#»*^7^-fbSKOT-C ( - 1 0-+ 1 

o) xi o - 6 jyrtKiscAtftai-rsswtfww* 

[0 0 1 3] [315168)1] 1 ©HR*C u 5( 
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ioo-.-b-c M» Xb Q« Kfc^-C. X5t^e» 
A 1 ^^tofi&Si^S©^^* 1 ^*^^* 
l~10 e -C/s eo©afltC3fc»f4CiK:J:0. f* 

w»-c5ok«±©#««***. +>**©»«** 
^^^bfiSOT-c (- 1 o~+ 1 o) x i o- 6 ei 

^*f^X^©S!{3tS= 
[0 0 14] [J&eiMJ] HRSCCu 
, o . - . - b - . M. Xb Q. (MBZr, RE. T 
i©5% l«gfc»2«fcLh©7C*, XBA 1 , Mg. 
N i©5£ l«*fcB2«£U:©7G*i. QBFe, C 
o. V, Nb. Ta, Cr. Mo. W, Mn, Au, A 
g, Re. B&KtcX. Zn. Cd. Ga. In. G 
e. Sn. Sb. Si. B©5 *> lS*fcB2«fct±© 

Tare* o. *fc*©«sttta. b. at. nwc5 

g a 530. 5^b^40. Oic^lOT. 1 0 
^a + b + c^70t?*5) ©ifiJSid*©^^* 3 

e>ft£&isi^& i ~ i o • °c/ s e c©aurcft»r 

* c <b <fc 0 . 5 0 KJ£U©#»» * 

>^CDStt#^t*^^^^bS«WT-C ( - 1 0~+ 1 

o) x i o - 5 \mic2>z>t±*%i&tw&rm#mc 
[0015] [»7»s] -«cu 

, o o - « - b - . M. Xb Qc (MBZr, RE. T 
i©9*l«*fc«2«Sl±07C«. XBA 1 , Mg. 
N i <D*>% l8*fc»2»BU:©7cX. QBFe, C 
o, V. Nb, Ta, Cr, Mo. W, Mn. Au, A 
g. Re, te&mtm. Zn. Cd. Ga. In. G 
e. Sn. Sb. Si. B©3fcia*fcB2«EU:<D 

Tare* *fc*©»*fca. b. at, n^%-c5 

ga^65. 5^b^40. 0^^101?. fio 1 0 
£a + b + c£7 0t?*£) ©ttlSiiW©****** 
6% ^Sik^* 1 ~ 1 0 6 t/sec ©jiS-C^ U 
fcfg. 5 0 0 TJ«T©ffi»OBIt"C*tt*^ ' C <t iC «fc 
0. f«»*r5 0«£U©IMMl***. +>**©« 
*«WbW#9XfHWt«TT ( - 1 0~+ 1 0) x 1 0 

[0 0 16] [*8#69i] ¥ffitttiVM 10-«WCu 
,, 0 .,- 1 . ! M l X l Q, K*»t»-C. Xtc^6 

a i *«fc»toiaj*&4>«©^*£fr 
i~io e t/sec ©aurcft»^fc«. soo -cw 

T©ffit© ®&-e&&*ft 5 C & K J: ») . (*«*-c 5 0 
SSfiUiO^Mifffc^** +>4^©iaffi^K* s ^^^^b 
fiSOT-c (- l o~+ 1 o) x i o- 8 umctezc 

^©ISjtft. 

[00 17] [gr9#6"JB] — SKCu 
i o o - . - b - c M. Xb Qc (MBZr. RE. T 
) i©5*>l«*fcB2««±©7c3R« XttA 1. Mg. 



N i©5^1«£/cB2«iU:©7nSt QttFe, C 
o. V. Nb. Ta, Cr. Mo, W. Mn, Au. A 
g. Re, BSftocX. Zn, Cd, Ga, In. G 
e, Sn, Sb, Si, B©H li*fc«2IK(±0 
TBreaO. *fc*<D«fiStfca. b, cli, JIWC5 
i a i30, 5^b^40, 0 ±= c < 1 0 'C^ fio 1 
0Sa + b + c<70T*5) ©HfiRfciJ**©^** 
*>6ft SiSSt^* 1 ~ 1 0 * 'C/sec ©ilK-CS?* 
Ufcfg. 5 0 0 •C«T©tt&©fiK-C«06*ff 5 CiK 

JUtfliKj&Jjtf^^ftilJetiT-C (-10-+10) xl 

o- 6 KrtK*«cfc«MHtr*»ttfaM*«cu« 

[00 18] [81 0»»] -teCu 
ioo-«-b-« M. X„ Q. (MBZr, RE. T 
i©5-& l*±fctt2«&Lk©7G*. XBA1, Ng, 
N i©5^ ia*fc«2a«±©7c3R. QttFe. C 
o. V. Nb. Ta. Cr, Mo. W. Mn, Au, A 
g. Re. a^^Tcm. Zn. Cd, Ga. In. G 
e. Sn. Sb, Si, B©51? l«*fctt2«£U:© 20 
TcSS-C&fK *fc*©ttflUta. b. cB, M^F%-C5 
^ a ^ 6 5 , 5 ^ b =S 4 0 . O^c^lOt, 1^10 
^a + b + c<70tW) ©jfij&<fc4>«©**6^i:#> 
6ft S C u S#fiBtt&IS:tf^*££J: 0 * ZttfcSB&K. 

[0 0 19] [81 llMBl WHIWWU©— «SCu 
, o o - . - i - c M. X„ Qc OCfo^t, Xtg^*>6 
A 1 £B&<< > fcififiK i 'PW&W&m £ 6 ft -5 C u S#fiB 
x^J; 9 ft SWISSES V^fBSWif'f*!' 

#. 3C 
[0 02 0] [81 2*88] — «5£Cu 

b - > M. Xi Q. (MBZ r. RE. T 
i©5% ijB*fc«2««±©7c«. XttAl. Mb. 
N i ©5% liffi*/cl±2«J^±©7C*. QttFe, C 
o. V, Nb. Ta. Cr. Mo, W, Mn. Au. A 
g. Re. &&W5c3k, Zn. Cd. Ga. In. G 
e. Sn. Sb. Si, B©5 % 1 a*fc»2afcLh© 
tcIS-C&O. *fc*©»3Ufca. b, cli, JKWr5 
ia^30, 5^b40, OSc^lO-C, fio 1 0 ^ 

a + b+c<7 o-c&&) (om^t'pmfD^mmt^h * 

[0 02 1 ] [81 3»W] -fifciSCu 
, 0 0 - 1 - » - « M. X b Q= (MBZr. RE. T 
i©Hli*fc»2 ««±©7c3Rv- XttAl. M g . 
N i ©5*> ia*fctt2««±©7C^. QWFe. C 
o, V, Nb. Ta. Cr. Mo. W. Mn. Au, A 
g, Re. &&Wtm, Zn. Cd. Ga, In, G 
e, Sn. Sb. Si. B©^l«fc«2i«±© 

*fc*©»ittfea . b. ett. MWC5 ! 
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Sai65, 5£b^40. O^c^lOt, Mol 0 
a + b + c ^7 0 -?*>£) ®m&t'pm.<D*ti®i£fr , i 

ft * c u mmti&m *> 5 ^^#«fc 0 ft siSissffitfi tt 

[00 2 2] [81 4*69!] ItftSf!*^ 1 ©H85$C u 

1 0 0 - . - b - o M» Xb Qo X7cmft*> 

A 1 ^nycfflfiSt^fiW^Rffi^Ji^^^-SCuS^ 

■(*. 

) [0 0 2 3] [81 5»9I] — JKsSCu 

ioo-.-b-cM.Xb Qc^ (MBZr, RE, T 
i©^ l«*fctt2«£Lh©7n*. XttAl. Mg. 
NiO%113:fcB2t6U:©7cf. QttFe. C 
0, V. Nb. Ta. Cr. Mo. W. Mn. Au, A 
g. Re. &fe6£7n3K. Zn, Cd. Ga. In. G 
e. Sn. Sb. Si. B©3%l«*fcK2«2U:© 
jm-CA K) . */t-e©ifi^J:ba. b. ctt. M^%-C5 
s a ^30, 5^b^40, O^e^lOt, 1^10 
^a + b + c^70t*l>) <»®.$Lt'pm.<D^mWtfr 

0 wscu mm&£.m*i * * ******* 
[0024] [81 6#pjn — aasscu 

M. X, Q. (MBZr, RE, T 
i©^ imitclt2miil±<07C^ XttAl. Mg. 
N i ©3% HI*;tett2«fcU:©7C*. QttFe. C 
o. V. Nb. Ta. Cr. Mo. W. Mn. Au. A 
g. Re. Zn. Cd. Ga, In. G 

e. Sn. Sb. Si. B©5% lSifcB2SKi© 
tcJR-C**). *fc*©*«tta. b. ett. JKWC5 

ia + b + c^70t*5) ©jffijSi^S©**^* 1 
6ft •£ C u fiffljfell^^X^ 0 ft SWMStt 

[0 02 5] [81 IMS] #f¥«*^l©-®^Cu 
, 0 0 - . - b - c M» Xb Q« tctoivt. Xtc^6 

a 1 *m^dm.tpm<DT^®tipt>uz > cnmm 
0 ft zmmam+mw&mtt*. 

[0 02 6] [S18^]-SSSCu 
, 0 ,. 1 . l -,M,X 1 Q._ (MBZr, RE. T 
40 i©9% l«£fctt2«£U:©7c3t XBA 1. Mg. 
N i ©5t> l«*fctt2aJ£U:©7C*. QBFe, C 
o, V. Nb, Ta. Cr. Mo, W, Mn. Au. A 
g. Re. &&J£ot*. Zn. Cd. Ga. In. G 
e. Sn. Sb. Si. B©5*> l«Sfc»2«£U:© , 
jcSre&fK *te*©»«ata. b. cB. faWCS 
ia^30, 5^b^40, O^c^lOt?, Jo 1 0 
^a + b + c^70t*S) ©ffifiXt^S©^^* 1 

e»ft * c u mmm&M*f? 

50 [0 027] [ ftffl ] #*W§»14f«W*fli C u 
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tsns^s^wr-s. s etc *^?*f4^^ffl^ 
%an**iffi^«*> i o o *c«±©<fc sksj&tjizx . 

[oo28] *si©cui^i(cfci>t, w&vmw 

tLX&mKf&frP* M. TC^-r^fc^Zr. RE. T 
i © 5 <5 1 S£ fc« 2 SJW±©tc^* 5 96 feLt 6 %M 
T. X. 7C«-T*t>%A 1 , Mg, N \<D*>% 
« 2 »W±©tc^* 5 %«± 4 0 %J^T. Q « Ttmr ft 
b^Fe, Co. V. Nb. Ta. Cr, Mo. W, M 
n. Au, Ag. Re. fi^TC^. Zn, Cd. G 
a. In. Ge. Sn, Sb. Si. B©^^lt$fc 
{* 2 gfel±©7C^* 0 %)U±. 1 0 %&CF~CB.-? a + b + 
c£ 1 0%«±7 0%JWT©ffiffitcPg^Lfc©(3:. C© 

<t*>#Ssrc5 0%©#Nlftt:^*-#-©S&i!ffl*£.fi 

i->y^©fiffi^*^?<i« 

S9tt©^#*if#6ti-5*J. ^-rti4>-e©iBffl^6^n^ 

«. 'pt£< tbtmrn-es o%©^sr*wrs^=& 

^cM7clg-r^*D%Z r . RE. Tifci 
CKX7C^-r%*5^A 1 . Mg. N i *5fe>-a;tx 'J >,K- 
■^©HfflfiliStlS (- 1 0~+ 1 0) x 1 0" 8 m 

£/c. Xtc3W>6A 1 £MK &3&(cmB1££&£*>6 
"C*0. S6K«M. 7C**5%IiLL3 0%fcTF> X b 
?cfii*5%«±4 0%«T\ Qc 7E3K£0%feLkl 0% 
a + b + c * 1 0 %fe*±7 0 %J[yT©fi!HtC 

(-8~+8> x i o - 8 ^©^^KS^tcrsji-rs 

[0 02 9] Fe. Co. V. Nb. Ta. Cr. M 
o. W. Mn. Au. Ag. Re. B£f£7C3&, Zn. 
Cd. Ga. In. Ge. Sn. Sb. Si. B©5% 
'Pta < <!: 4> 1 a* tcit 2 HJ£Ui©^fr 0-10 %©«SB 
(cRgSL/fc©«, -e©«iH*J1-ne<t±a©ffii«:ttI^ 
t\ Fe. Co. V. Nb. Ta. Cr. Mo. W. M 
n«»g©<£T. Au. Ag. Re. S&8OT*ttW£ 
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14©flTF, Zn. Cd. Ga. In. Ge. Sn, S 

b. Si. Btt^flnitt©ffiT£*T*p6-c*&. 

[0 03 0] ftttddOfeStiftlK* 1 ~ 1 0 ' -C/s e 
c L,fc©«. lVsec *?ig-C(J#IIK&S l<> 

wj>t£ < <t *>&«^-e 5 o x<z># ak&£& nmam a 

tlU<1Z*)> 10' t/secii^imW 

[oo3i] *fc, M&ticx^-c&tztitcWi&oimm. 

g*5 0 0 'C«T«CPfi5£L./c©«. t ©i&&£rfcl*.-S <t 

io m&am&itu, •*>#m<ommm&& (-10-+1 

0) x i 0" 8 £?rft6#>6-C*6„ #±3StcIR 

-e©^-CS><3. S/c. a^3c^(*Ru. Rh. Pd. 
Os, I r, PtA^W*. -?-©^*4>^t?S>S© 

[0 03 2] 

mmm 1 

« 1 «:m-r^#^2 ©fiX^a^^-rsn^*. 

20 T-?mMLX lo©££<t&U ll*'<^^r>'h>T-i 
L/fcfc©£. HI (a) (C^-T^X^SO. 5mmSW 
-T-2>53l'g2«:$gAU. ]SJ^«5 "C?§SIL/cfg*©e35 
^£4 0 0 r p m-CMfc-r Z>ig&2 0 0mm©^$?P- 
JH iLbKiagU ^4 4TJbd->^(C±-,-CftlJi 
U yX^7L3*6.fW3ttD--il'*ffii5x 1 0 4 
"C/s e c©jI£-C«ftfcil#;*'tt. ifI2mm. JP3 2 0 
y m<DmftVWmm#6 C ©»^&iXi|SllII$T 

i*55B23n. S/c. ^^2iaitrjlJ5£©^^f- 
30 JHCiOSSJimfiffiTxfcfllfrJb. *2CC^U/c. 
[0 03 3] 2 

m 1 &C7jrf£3:## 3 ©6JM«S4:«t 5I^4f*T 

l/fcfc©*, 01 (b) (CjnTrtS5mm©53lT>^' 
;U8K*^«Ab. lS^^ffi9■c^l//c^-e•©^4• 
©Aofc5l7 >^JV* 0 -CO*** 7 cb{ctaA UT* 

10 4flfc. COA^BXIgHSftCfco-CWK^^a- 

40 fc. ^M^S^StriS'JS©BS»f-^{CJ:Oifea{bSa 

t x fcfii^*/£. c ©i^^tias«iijfiwi 2 -cjai^^s 

^©*§^tPli;fii-C*«J. ^©iasStc^r-ri^^ii 
fctc*2K:^ur*-5.. 
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